A cytomegalovirus (CMV)-specific sandwich hybridization test was constructed by using two adjacent BamHI (20, 21, 28) and bacteria (16, 17) . Here, we show that CMV DNA can be rapidly concentrated 300-fold from urine and subsequently detected by sandwich hybridization. In the study was included some * Corresponding author.
demonstrated the presence of CMV DNA in all of the specimens. These contained originally 105 to 108 CMV DNA molecules per ml.
Human cytomegalovirus (CMV) is common in the general population. Thus, between 30 and 100% of adults show serological evidence of prior CMV infection (6, 31) . Al (18, 26) , and up to 100% of allograft recipients show evidence of a CMV infection (5) . Because of recent developments in chemotherapy, treatment of CMV disease is becoming possible (14) . The need for a rapid CMV diagnosis is increasing accordingly.
The present methods for diagnosing CMV infections include serological analysis and virus isolation. Both methods are usually time consuming. Furthermore, virus isolation requires human embryonic fibroblast cells that may be difficult to obtain. Alternative diagnostic approaches include the use of monoclonal antibodies to demonstrate the presence of viral antigens (7, 11, 29) . The presence of viral DNA has been demonstrated in concentrated urine by spot hybridization (1; H. Gadler, Ph. D. thesis, National Bacteriological Laboratory, Stockholm, Sweden, 1983) , and viral RNA has been detected in various tissue specimens by in situ hybridization (3) .
Using recombinant DNA techniques, we created a pair of sharply specific CMV DNA reagents to develop a sandwich hybridization assay. Sandwich hybridization has been previously demonstrated to be a suitable method for testing crude samples for the presence of viruses (20, 21, 28) and bacteria (16, 17) . Here, we show that CMV DNA can be rapidly concentrated 300-fold from urine and subsequently detected by sandwich hybridization. In the study was scribed previously (20) . The construction of recombinant plasmids with the plasmid vector pBR322 and their transformation into the host and subsequent analysis were as published previously (20) . Plasmid preparation on a preparative scale was done by the method of Clewell and Helinski (2) . Cloning into the phage vector M13mp7 (13) and the subsequent phage growth on a preparative scale and DNA isolation have also been described previously (20) .
Sandwich hybridization. Recombinant plasmid DNA (the filter reagent) was denatured and attached to nitrocellulose filters (400 ng/10-mm filter; BA85; Schleicher & Schull Co., Keene, N.H.) as described previously (20) . Each hybridization included one filter with the CMV-specific DNA and one empty filter as a control. The 400-,u reaction mixture contained the denatured sample (250 pl), the labeled probe The filters were preincubated under the same conditions, without the sample and probe, before the reactions were started. The sample DNA was boiled in 7 mM NaOH-0.3% SDS for 5 min, and then it was quickly cooled, neutralized, and subjected to testing. Virus particles were disrupted by 2% Sarkosyl and proteinase K treatment (1 mg/ml, 37°C, 1 h), and the DNA was denatured as described above. Hybridizations were carried out for 19 to 24 h at 65°C. The filters were then carefully washed in 0.1 x SSC-0.2% SDS at 37°C for 2 h with one buffer change. Finally, they were counted in a 1282 Compugamma counter (Wallac, Finland).
Spot hybridization. DNA was applied onto nitrocellulose filters largely as described by Kafatos et al. (10) . The DNA was denatured in 0.3 N NaOH at 100°C for 5 min, cooled to 0°C, mixed with an equal volume of 2 M ammonium acetate, and applied to the filter as 3-mm diameter spots by using the Hybri-Dot System (Bethesda Research Laboratories). The preincubation and the final hybridization conditions, as well as the washing conditions after hybridization, were as described above for the sandwich hybridization. The filters were dried and subjected to autoradiography with Kodak XOmat film.
Labeling of DNA. The single-stranded recombinant phage DNA (probe reagent) was chemically iodinated with 125I (13 to 16 mCi/[ig; Amersham), as described previously (16, 20) , to specific activities of about 107 to 108 cpm/jig of DNA. Double-stranded DNA was labeled by nick translation with ['25I]dCTP (>1,500 Ci/mmol; Amersham) as substrate (22) .
Concentration of DNA from urine. Pretreatment of urine included the addition of 2% Sarkosyl-5 mM EDTA-gentamicin (40 jig/ml)-herring sperm DNA as carrier (2 to 4 jig/ml) (pretreatment mixture). Thereafter, the urine was treated with proteinase K (0.1 mg/ml, 37°C, 1.5 h) if not otherwise stated. For achievement of volume reduction, the urine was then extracted with an equal volume of 2-butanol (Merck), the phases were separated by centrifugation at 1,000 x g for urine up to 18 ml, the DNA was directly precipitated with isopropanol after the addition of the pretreatment mixture without incubating with proteinase K. Collection of urine specimens. Pooled batches of urine from healthy laboratory personnel were used in the reconstitution experiments. No sterility precautions were taken while the urine was collected.
The patients were selected on the basis of positive CMV isolation from urine. A second specimen was collected 3 to 28 days later. Because all patients were infants, collection was into a collection bag, and the volume varied. The pretreatment mixture was added to the specimens immediately after collection. Thereafter, they were stored at room temperature until they were tested.
RESULTS
Sandwich hybridization reagents. The HindlIl L-fragment which maps in the long unique region of CMV DNA (map position 0.3 to 0.35) (15, 23) was chosen as the starting material for creating the sandwich hybridization reagents. From a clone containing this fragment, two adjacent BamHI fragments of 4.2 and 2.5 kilobases were subcloned into pBR322 and the M13mp7 phage vector, respectively. The recombinant plasmid was fixed onto nitrocellulose filters, and the single-stranded recombinant phage DNA was chemically iodinated (16, 20) to function as the labeled probe.
The specificity of the cloned DNA fragments is shown in Fig. 1 and Table 1 . Genetic variation, reflected as antigenic heterogeneity (30) , exists among naturally occurring CMV strains, the overall DNA homology being about 80% (9) . We therefore decided to ensure that the genomic region from which the DNA reagents were selected was not subject to extensive variation. The radioactively labeled recombinant DNA reagents were hybridized with DNA derived from five different clinical CMV isolates. Human DNA was included in the assay to control repeated sequences common to human DNA and the genomes of herpesviruses (19) so that they did not occur in the cloned hybridization reagents. In addition, specific human genes, or parts of them, may be incorporated into the viral genomes as demonstrated for the myc sequences (4, 24) . The DNA fragments did not show any cross-hybridization with human or calf DNA (Fig. 1) . They also did not hybridize with herpes simplex virus types 1 or 2 DNA in a sandwich hybridization assay to which a lysate of infected cells was added (Table 1) . It has been previously shown that viral DNA from infected cells, lysed as in this experiment, can be efficiently detected by the sandwich hybridization method (20) . The reagents are thus specific for CMV, recognizing all clinical isolates and the prototype strain with equal efficiency.
The sensitivity of the sandwich hybridization assay in detecting purified CMV DNA was 4 x 106 DNA molecules (Table 1) .
Concentration of CMV DNA from urine. It was evident that the sensitivity of the sandwich hybridization test would not allow the detection of CMV from unconcentrated urine of patients suspected of excreting virus. Preliminary experiments with radiolabeled virus indicated that CMV is fragile in urine and cannot be recovered quantitatively by pelleting in an ultracentrifuge. We therefore designed a process to concentrate the viral DNA instead. Two concentration procedures depending on the initial volume of urine were explored.
The results of reconstitution experiments, in which
[3H]thymidine-labeled CMV was added to urine and the recovery of the labeled DNA was measured, are shown in Table 2 . After pretreatment (see above), DNA was simply precipitated with an equal volume of isopropanol (experiment 1). Recovery of the label in the dissolved precipitate was 82 to 87%. When larger volumes were to be treated, decreasing the urine volume was desirable before DNA precipitation was carried out. This was achieved by extraction with 2-butanol, which effectively reduced the water volume by taking up water to 40% of its original volume (25) . By carrying out four successive extractions (experiment 2), the initial 100-ml volume was concentrated 10-fold. The recovery of DNA in the latter process (experiment 2) was 53 to 72%, depending on the proteinase K treatment. Proteinase K treatment of urine decreased the loss of DNA to the butanol phase by a factor of two (from 29 to 15% loss). Sarkosyl concentrations between 1 and 2% did not affect the results.
Detection of CMV by sandwich hybridization from urine after concentration. Increasing amounts of purified CMV were added to constant volumes of urine, viral DNA was released from the virions, and the DNA was concentrated by the two processes described above. The DNA recovered was dissolved in 250 ,ul of TE, rendered to the singlestranded form, and subjected to sandwich hybridization. Assays with standard amounts of CMV DNA were carried out simultaneously (Fig. 2) . Because sandwich hybridization is a quantitative assay (20) , the number of CMV DNA molecules recovered after concentration can be estimated by a standard curve. The number of CMV particles added to each urine sample are shown (Fig. 2) , and the number recovered is shown after extrapolation from the standard curve. Identical urine samples without CMV but with the carrier DNA were concentrated in parallel, and the concentrates were added to sandwich hybridizations with various amounts of CMV DNA. The standards measured in the presence of the mock concentrates were within 80 to 106% of the control values, and the background was unaffected.
About 80% of the CMV present in 100 ml of urine could be detected by a sandwich hybridization test, indicating a 300-fold concentration (Fig. 2A) . The results are in accordance with those shown in Table 2 . Thus, components interfering with the hybridization were not concentrated by either process ( Fig. 2A and B) .
The detectability of CMV was not affected by the presence of albumin (200 mgl100 ml) or E. coli (109/100 ml) in urine. It was also not affected by storing for up to 48 h at room temperature, provided that the pretreatment mixture was added. These measurements were done as described in the legend to Fig. 2A (unpublished data). Demonstration of CMV in clinical urine specimens. Patients were selected for this study on the basis of positive viruria, which was confirmed by virus isolation. All of the patients that were still hospitalized by the time the virus isolation results were available were children less than 1 year of age.
A separate urine specimen to be tested by sandwich hybridization was collected. The specimen size varied, because we tested all of the urine that was voided into the collection bag.
The pretreatment mixture was added immediately upon collection, and the urine was concentrated within 48 h. All of the isolation-positive urine specimens were also positive by the sandwich hybridization test (Table 3) . Standards were run in each experiment, giving the limit of positivity (twice a The volumes are aliquots from urine voided into a collection bag. The concentration procedure was as described in Table 2 , experiment 2, except for 0.27 ml of urine from patient 1, which was tested unconcentrated, and 8 ml of urine from patient 3, which was precipitated with isopropanol without prior volume reduction. The urine from patient 1 was concentrated in one batch (100 ml), but When nucleic acid hybridization is used to identify the virus, it is not necessary to know the gene content of the selected probes, as long as these DNA fragments fulfill the specificity criteria of the diagnostic test. The larger viral genomes are, the more there are repeated sequences in them that are common to all eucaryotic DNA (8, 19) . These must be avoided when choosing a probe. Therefore, careful selection of a probe with proper hybridization controls is important. Several genomic fragments have proved to be suitable for diagnostic purposes (1; Gadler, Ph.D. thesis). Chou and Merigan (1) chose to use as a probe a sequence derived from a region repeated twice in the genome, thus increasing the sensitivity of the test. Because there are reports suggesting that the sequence variation among CMV strains might be concentrated in the repeat areas (32), we decided to select the reagents from the long unique region.
The two BamHI fragments, representing only 3% of the genome, proved to be CMV specific and were sufficiently homologous to the DNA of a variety of independent clinical CMV strains to recognize them. The gene content of this fragment is not known.
The sensitivity of the sandwich hybridization test is lower than that of a direct spot hybridization in which the sample DNA is fixed to the nitrocellulose. We are, however, using it because of the following advantages. The method is suitable for studying crude samples containing bacteria, cell lysates, or secretions such as nasopharyngeal mucus (16, 20, 21, 28) , probably because the specimen is kept in solution. Urine, from which CMV most often is recovered, also is a crude sample of undefined nature. Futhermore, urine may contain enterobacteria which, in turn, may harbor plasmids or phages related to the cloning vectors. These would give specific background reactivity in direct spot hybridization when a recombinant DNA probe is used. Thus, Chou and Merigan (1) had to remove the vector part of their probe when studying CMV in urine by spot hybridization. In sandwich hybridization, however, this problem is circumvented.
The sample pretreatment developed here involving precipitation of viral DNA from crude urine by isopropanol is a reproducible method that also can be carried out routinely in a laboratory. Combined with extractions with 2-butanol, it can be applied to urine volumes of 500 ml. Furthermore, the method allows transportation and storage of the specimens at room temperature, which increases its applicability.
Even 
